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Endemic pemphigus foliaceus or Fogo selvagem (FS) is an
epidermal organ-specific autoimmune disease mediated by
autoantibodies. Individuals at risk are peasants who live and
work on farms located in the interior of certain endemic
states of Brazil. This case-control study compares a group of
52 FS patients with 52 patients suffering from other derma-
toses admitted and followed at the hospital for pemphigus
(Hospital do Penfigo) in the city of Goiania, state of Goias.
Patients and controls matched 1 : 1 by age, sex, and occupa-
tion "Were examined by two dermatologists at the time of
admission and asked to respond to a prepared questionnaire.
This questionnaire concerned current and past (1 and 5 years)
exposure to environmental risk factors. The following risk
factors were assessed: black fly bites, presence of rodents at
E ndemic pemphigus foliaceus (PF) or Fogo selvagem (FS)is an autoimmune skin disease characterized by efider-mal vesicles and anti-epidermal autoantibodies [1 . Theautoantibodies in FS are disease-specific [2], pathogenic[3], restricted to the IgG4 subclass [4], and directed
against a desmosomal glycoprotein, desmoglein 1 (DG-l) [5]. FS,
which has been reported in Brazil since the turn of the century [6],
shares similar clinical, histologic, and immunologic features with
non-endemic PF, which is seen sporadically in North America,
Europe, and other parts of the world [1]. The unique epidemiology
ofFS sets it apart from non-endemic PF [6].
FS is endemic in certain states ofBrazil, i.e., Goias, Mato Grosso,
Maw Grosso do Sui, Minas Gerais, Sao Paulo, and Parana, where as
of 1982 there were more than 15,000 registered cases [6]. Signifi-
cantly, the frequency of cases in the state of Sao Paulo has decreased
dramatically over the last 40 years [6], although the northwestern
states, including Mato Grosso, Mato Grosso do Sui, Goias, Maran-
hao, Para, and Amazonas, have been exhibiting a gradual increase in
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home, exposure to cereal dust, exposure to fumes or dust
released by tree and shrub removal, and exposure to insecti-
cides. Relative risks were estimated from tabulated data by
the odds ratio and tested for significance by the chi-square
test. The 95% confidence interval for the odds ratio was also
calculated for each of the risk factors. The only risk factor
showing an odds ratio significantly different from one was
exposure to simuliidae bites (odds ratio 4.7, p < 0.001). This
study reinfo.rces the hypo~h~sis that chro?ic exposure to
black fly antigens may preCipitate IgG4 antibody formation
in predisposed individuals. These antibodies in turn may
cross-react with epidermal antigens and cause acantholysis
and the clinical expression of the disease known as FS.J Invest
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reported cases. There are at least three hospitals in these states dedi-
cated to the treatment of FS patients. One such hospital is located in
the city of Goiania (state of Goias), where th is study was conducted.
A second hospital is located in the city of Campo Grande (state of
Mato Grosso do Sui) and a third is in the city of Uberaba (state of
Minas Gerais). A fourth hospital, the Adhemar de Barros Hospital,
located in the outskirts of the city of Sao Paulo (state of Sao Paulo),
occasionally attends FS patients referred from the interior of the
state. This hospital was opened in the late 1930s when FS was
common in the state ofSao Paulo. During the first decade of service
this hospital housed over 100 FS patients at any given time.
FS is a disease of the rural population of the endemic states of
Brazil [7]. In a series of2663 cases reported by Auad [8] in the state of
Goias, 90% of the patients originated from rural farm lands of this
state. FS occurs in regions with an altitude between 500 and 800
meters, being extremely rare in regions below 400 meters or above
1000 meters [7]. The houses in which patients live are located
within 1at~ 15 kil~meters ofa river or creek, commonly in the path
of the dommant wmds, suggestmg transnussion by a flying vector
[7]. Further, the frequency ofFS in endemic areas appears to increase
during the rainy. season, which coincides with insect multiplication
[~ - ~]. CorrelatIOnal studle~ that took into account geographical
dlst~lbut.lOn a.~d seasonal :anatlOn of FS implicated a black fly of the
family Simuludae (S. prulllosum) as a possible precipitating factor of
tim dlse~se [7 ~ 9]. However, other etiologic agents such as bacterial
or virallllfections have also been thought to be involved in initiat-
ing FS [10,11].
T.he present case-control epidemiologic study was aimed at in-
ves~igatlllg the role. of potential risk factors in the development of
FS III a group ofpatients (FS and control), followed at the "Hospital
de Doencas Tropicaes" (Hospital do Penfigo) in the city of Goiania
0022-202Xj92jS05.00 Copyright © 1992 by The Society for Investigative Dermatology, Inc.
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(state of Goias, Brazil). A group of 52 FS patients were matched by
age, sex, and occupation with a control group of patients having
unrelated dermatoses. They were interrogated by either of two der-
matologists using a prepared questionnaire to ascertain exposure to
certain potential risk factors. The data was tabulated and analyzed
statistically. We found that chronic exposure to simuliidae bites was
4.7 times more frequent as a risk factor in the FS patient group than
in the control group. This result was statistically significant.
MATERIALS AND METHODS
Selection of Patients Fifty two consecutive FS patients attend-
ing the dermatology service of the "Hospital do Penfigo" located in
the city of Goiana (state of Goias) were included in this study. This
hospital is a referral facility for patients of the northwestern regions
of Brazil and is dedicated to the treatment of FS as well as other
tropical diseases. The diagnosis of FS was established clinically and
histologically [1] by either of two dermatologists (PCB and AC).
Patients exhibiting the generalized form of the disease [1] were
hospitalized and accounted for approximately 56% ofFS cases. The
remainder of patients showing a localized form ofFS were followed
in the outpatient clinic. Serologic studies were carried out in ran-
domly selected patients and showed positive findings for FS autoan-
tibodies [1]. The distribution of patients by age, sex, and clinical
form of FS are shown in Table I and their occupations in Table II.
The mean age of the FS group was 35 years.
Selection of Controls Fifty two patients with a variety of der-
matologic conditions are listed in Table I and were included as
controls. The occupation of the control group is also shown in
Table II. In most instances, a control individual was identified to
match a newly arrived FS patient from patients seen at the outpa-
tient or inpatient dermatologic services. This process usually was
carried out within the same day and was dictated by the location at
which the FS patient was first seen, i.e., if the patient was ambula-
tory, the control individual was selected from the outpatient service;
if the patient was hospitalized, the control individual was selected
from patients hospitalized for other dermatologic conditions. In
addition to sex, age, and occupation, the selection of controls was
targeted at individuals who originated from the same geographic
areas as the FS patients. The mean age of the control group was 37
years. There were 18 cases of leprosy, nine of blastomycosis, seven
of psoriasis, and three of leishmaniasis. These patients were also
treated by the same dermatologists following the FS group.
Matching FS patients and controls were matched (1: 1) first by
sex and occupation and then by age. The matching by age was
carried out with less than five years difference in42 pairs, between 6
and 10 years difference in nine pairs, and with 14 years difference in
only one pair (pair 9). Forty five of the pairs have an exact match by
occupation, i.e., farmer or farm-related activity. The occupation of
the remaining control individuals did not match the FS group by
occupation. This was due to difficulties in defining the main occu-
pation ofFS patients who were either living and working in the city
and commuting to the farm or vice versa, e.g., students or migrant
workers. These patients performed a variety ofjobs in rural or urban
areas and were exposed to different environments of the endemic
regIOn
Exposure to Risk Factors We have selected five parameters to
evaluate potential risk factors in the development ofFS: a) chronic
and recurrent black fly bites (individuals from both groups were able
to recognize and differentiate black flies from mosquitos, rubiidae,
horse flies, and ticks); b) dust released from harvested cereal and
leguminous crops (corn, rice, wheat, beans, and soybean); c) pres-
ence of rodents in the house (mice, rats); d) activities involving
defoliation and removal of trees ann shrubs; and e) exposure to
insecticides.
Interviews of patients and controls were carried out by the same
dermatologists examining the patients (PCB and AC) on the day of
admission. The same questionnaire was used to interrogate patients
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Table I. Case-Control Epidemiologic Study
Fogo Selvagem Patients Control Group of Patients
Pair/Sex Clinical Form Age Diagnosis Age
1M Generalized 52 Blastomycosis 52
2M Generalized 18 Psoriasis 23
3M Localized 49 Blastomycosis 44
4M Localized 43 Blastomycosis 44
5M Localized 68 Infected eczema 75
6M Generalized 57 Leishmaniasis 52
7M Localized 43 Leishmaniasis 45
8F Localized 44 Psoriasis 52
9F Localized 31 Psoriasis 45
10M Generalized 52 Leprosy 52
llF Generalized 30 Psoriasis 26
12F Generalized 32 Tinea versicolor 33
13F Generalized 33 Neurodermatitis 36
14M Localized 15 Leprosy 12
15M Generalized 59 Erythrodermia 61
16F Generalized 39 Dermatitis seborrheic 36
17F Generalized 22 Not recorded 23
18F Generalized 56 Cheilitis (actinic) 66
19F Localized 39 Erythema multiforme 36
20F Localized 31 Leprosy 39
21F Localized 25 Leprosy 23
22F Localized 11 Dermatitis herpetiforrnis 14
23F Generalized 35 Blastomycosis 35
24F Generalized 34 Fixed drug eruption 36
25F Generalized 29 Leprosy 30
26F Localized 28 Atopic dermatitis 26
27F Localized 44 Psoriasis 52
28F Localized 37 Psoriasis 45
29M Generalized 21 Blastomycosis 24
30M Localized 25 Leprosy 27
31M Localized 26 Leprosy 27
32F Generalized 17 Leprosy 17
33M Localized 33 Actinomycosis 35
34F Generalized 47 Leprosy 45
35M Generalized 14 Leprosy 12
36M Generalized 44 Blastomycosis 48
37M Generalized 77 Leprosy 77
38M Generalized 16 Blastomycosis 19
39M Generalized 16 Chromoblastomycosis 25
40M Generalized 39 Leishmaniasis 40
41M Generalized 43 Leprosy 47
42F Generalized 32 Leprosy 34
43F Localized 17 Leprosy 17
44M Generalized 26 Blastomycosis 22
45M Generalized 58 Leprosy 58
46M Localized 39 Leprosy 37
47M Generalized 28 Leprosy 30
48M Generalized 41 Leprosy 41
49M Localized 20 Lichen planus 26
50M Localized 26 Scabies 28
51M Localized 37 Psoriasis 29
52M Localized 31 Blastomycosis 35
and controls for exposures happening one and five years previously.
Patients were asked to respond with a yes or no answer for each risk
factor investigated.
Analysis ofData The data collected from patients and controls at
the time of admission (encompassing current and 1 and 5 years
previously) were tabulated, the relative risks estimated with the
odds ratio and tested for significance with the chi-square test [12]. A
relative risk of4, for example, for black fly bites means that a person
who is exposed to this risk factor is four times more likely to develop
FS than one who is not exposed. Ninety five percent confidence
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Table II. Distribution of Patients and Controls by Occupation
Fogo Selvagem Patients Control Group
Table IV. Positive Exposure to Risk Factors 1 Year
Prior to ExaminationOccupation
Farmer
Farmer housewife
Conunerce worker
Construction worker
Truck driver
Student
Tailor
Miscellaneous
(other activities)
20
18
2
2
2
2
o
6
20
15
1
1
o
3
3
9
Risk Factors
Simuliidae bites
Cereal dust
Rodents (mice, rats)
Forest removal
Insecticides
Fogo Selvagem
Patients (n: 52)
44 (84.6%)
27 (51.9%)
41 (78.8%)
20 (38.4%)
15 (28.8%)
Controls (n: 52)
30 (57.6%)
22 (42.3%)
41 (73.8%)
16 (30.7%)
16 (30.7%)
interval for the odds ratio was also calculated for each of the risk
factors using Woolf's method [13]. The Mantel-Haenszel test was
used to estimate relative risks adjusted for clinical form of FS, sex,
age, and occupation strata [14]. Age was divided atthe median age to
form two strata, and the occupation groups were divided into both
members of the pair being farmers, one member of the pair being a
farmer, and neither member of the pair being a farmer (n = 17, 11,
and 24, respectively).
RESULTS
General Findings Seventy three percent of the patients and con-
trols shared similar living conditions and were involved in the same
farming activities during a routine working day. Exposure to simu-
liidae bites in patients and controls was usually frequent and intense
during the early morning or late afternoon and were overbearing
during the rainy season as reported by other investigators [7 - 9].
Exposure to insecticides and dust released from the removal of trees
and shrubs or during the harvest ofcrops were events that took place
several times per year and lasted for a period of a few days to several
weeks.
Data Analysis Table III displays the current exposure of the pa-
tients and controls to the five suspected risk factors for FS. In order
to obtain estimates of the effect of long-term exposure, Tables IV
and V display the responses concerning exposure, 1 and 5 years
previous to examination.
The relative risk for each of the five environmental factors was
estimated with the odds ratio from the exposure data. Table VI
displays the odds ratios and their 95% confidence intervals. As seen
in Table VI the only factor showing an odds ratio significantly
different from one is exposure to simuliidae bites (odds ratio 4.7,
p < 0.001). The relative risk is slightly less at 1 year prior to the
examination and less, but not significantly less, at 5 years prior to
examination. However, examination ofTables III through V shows
that the decrease in relative risk is not due to lack of exposure of the
patients, but to an increased number of individuals exposed in the
control group. Of the 44 FS patients who were exposed to black
flies, 44 of 44 were also exposed 1 year ago and 40 of 44 were
exposed 5 years ago. On the other hand, among the eight who were
Table m. Positive Exposure to Risk Factors at the Time of
Initial Examination
not exposed, none had exposure 1 year ago and only one had expo-
sure 5 years ago.
The relative risk adjusted (Mantel and Haenszel) for generalized
FS and localized FS was 3.75, p < 0.01 (7.0 for generalized FS and
3.3 for localized FS). The relative risk adjusted for sex was 4.79,
P < 0.002 (4.3 for men and 5.4 for women). The relative risk ad-
justed for age was 4.7, p < 0.002 (4.1 for age above 32 years and 5.8
for age equal to or below 32 years). The relative risk adjusted for
occupation was 5.5, p < 0.003 (3.1 for both farmers, 2.2 for one
farmer, and 9.0 for neither ~embers of the ~atched pair being
farmers). There was no slgmficant heterogeneity 10 the relative
risks. The 95% confidence interval for the neither-framer pair rela-
tive risk (9.0) was 2.2 to 43.3.
DISCUSSION
The present hospital-based case control study was aimed at investi-
gating risk factors that may be associated :with the development of
FS. The study was conducted at the Hospital for Pemphigus in the
city of Goiania (Goias). As of 1985, this facility was known to have
attended approximately 100 new FS patients per year and to house
an ~verageof15 to 20 FS patients at any given time [6]. Fifty two FS
patients were matched (1: 1) by age, sex, and occupation with a
group of 52 control individuals attending in the same hospital for
other dermatoses. Bot~ groups were exam~ned and questioned by
one ofcv.:0 d.e~matologlsts. A prepared questIOnnaire was completed
for each IOdlv~dua! of the patient an~ control gr?up assessing expo-
sure to potential nsk factors at the time of admission, 1 year and 5
years previous to the interview.
. The results of this study. show that peasants exposed to black fly
bites were 4.7 times more likely to develop FS than those who were
not. e~posed.as estimated by.the odds ratio. These findings were
statistically slgmficant. The slight decrease in relative risk at 1 and 5
years prior to examination is consistent with the hypothesis that FS
may develop in susceptible individuals by repeated and chronic ex-
posur~ to simuliidae bites. It is also possible that sporadic bites of
peculiar specI.es or .a small group of one specie of simuliidae may be
relevant as etIOlogiC factors of FS. If the black fly bites are chronic
an.d rep~ated,. this may ~ncrease t~e chances ofexposure to the appro-
pnate slmuludae carrymg the etiologic factor.
A variety of factors are known to influence the outcome of case-
control studie~p:oducing spurious associations. For example, in this
study the .admls~lon:r~tes of patients and controls may have selected
a populatIOn of mdlvlduals that were not representative of the true
Table V. Positive Exposure to Risk Factors 5 Years
Prior to Examination
Risk Factors
Fogo Selvagem Fogo Selvagem
Patients (n: 52) Controls (n: 52) Risk Factors Patients (n: 52) Controls (n: 52)
Simuliidae bites 44 (84.6%) 28 (53.8%) Simuliidae bites 42 (80.7%) 33 (63.5%)
Cereal dust 24 (46.1%) 19 (36.5%) Cereal dust 29 (55.7%) 26 (50.0%)
Rodents (mice, rats) 38 (72.0%) 39 (75.0%) Rodents (mice, rats) 40 (76.9%) 43 (82.6%)
Forest removal 17 (32.6%) 13 (25.0%) Forest removal 23 (44.2%) 22 (42.3%)
Insecticides 11 (21.1 %) 12 (23.0%) Insecticides 18 (34.6%) 21 (40.4%)
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Risk Factors
Simuliidae bites
Cereal dust
Rodents
Forest removal
Insecticides
•x2 = 11.45 (p < 0.002).
• X2 = 9.09 (p < 0.005).
, X2 = 3.00 (p < 0.080) (not significant).
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Table VI. Odds Ratio and 95% Confidence Intervals
Initial Exam 1 Year Prior 5 years Prior
OR CI OR CI OR CI
4.7' 1.8-12.2 4.0' 1.6-10.5 2.1' 0.78-5.64
1.5 0.7 -3.3 1.5 0.7-3.2 1.3 0.60-2.8
0.9 0.4-2.2 1.0 0.4-2.6 0.7 0.30-1.9
1.4 0.6-3.5 1.4 0.6-3.2 1.8 0.50-2.5
0.9 0.3-2.3 1.0 0.4-2.2 0.7 0.30-1.8
distribution ofpatients and controls in the population under investi-
gation. Therefore, the groups 1I1cluded 111 thiS study may not have
been ideal for a pairwise comparison. It is also possible that the
information obtained from patients and controls was involuntarily
biased, i.e., the dermatologists interviewing and examining the pa-
tients were aware of the potential role of black flies in the etiology
of FS. To overcome these potential problems, FS patients were
compared with patients admitted or seen in the outpatient clinic of
the same hospital for dermatologic conditions that, like FS, are
common in these regions of Brazil, e.g., leprosy, leishmaniasis, and
blastomycosis. Further, FS cases and controls were matched (1: 2)
by age, sex, and occupation, which roughly was similar in both
groups. The majority of individuals included in the study were
fanners or their relatives dedicated to outdoor activities.
To test for any effect modification by age, sex, occupation, or the
clinical form of FS, a stratified analysis was used to examine for
differences between the strata (heterogeneity). No significant dif-
ferences were found among the strata, and the relative risks adjusted
for the strata remained significant in all cases. Thus there is no
evidence in this study that age, sex, clinical form of FS, or occupa-
tion affected the risks of developing FS from black fly bites.
All in all, these studies substantiate the hypothesis, postulated by
several authors [7 -9), that individuals exposed to black fly bites are
more likely to develop FS than those individuals who are not in
contact with these flies. The pathogenic IgG4 autoantibody re-
sponse in a predisposed individual may be triggered and maintained
by chronic antigenic stimulation associated with black fly bites. The
"antigenic factor(s)" ofFS, which may be a component of the black
fly saliva or an infectious agent, such as a virus, carried by these flies,
remain to be determined. It is interesting to note that humans
chronically exposed to bee venom or undergoing hyposensitization
to mite or pollen antigens also develop an IgG4 restricted immune
response [15,16). In these cases, however, the IgG4 response is
thought to be protective rather than pathogenic [15,16).
We have also shown in a recent study (17) that patients with FS
share a distinctive "susceptibility" HLA DR1 Dw20 haplotype and
lack a dominant DQw2 "protective" gene that is present in unaf-
fected relatives and normal individuals living in the endemic areas.
Therefore, a susceptible individual, when exposed to the appropri-
ate environmental antigen, may produce antibodies that, in turn,
cross-react with a keratinocyte surface epitope ("antigenic mim-
icry"?) and cause acantholysis and the clinical expression of the
human disease known as FS.
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